High energy particles in toroidal thermonuclear fusion devices, such as fusion product alpha particles, or those due to neutral beam injection or ion cyclotron heating, are well known to behave as independent test particles, and their confinement can be analyzed to a high degree of accuracy using the equilibrium field and the guiding center approximation. Guiding center equations are important for simulations requiring the calculation of particle motion for long periods of time, such as the study of alpha particle confinement during the time it takes for the particles to slow to the energy of the background plasma. It is advantageous to use magnetic coordinates for such calculations, since the particle motion is to lowest order along the magnetic field, and only to higher order (the drift motion) across the field.
In general toroidal coordinates ψ p , θ, ζ consider a magnetic field which possesses nested toroidal flux surfaces labeled by ψ p , with θ a poloidal angle, and ζ a toroidal angle. Since B is orthogonal to ∇ψ p write
and 
for any ζ 0 , with the Jacobian given by J
−1 p
= ∇ψ p · ∇θ × ∇ζ , and thus λ is periodic in ζ . Replace ζ with ζ through ζ −λ = ζ and note that adding 2π to ζ is equivalent to adding 2π to ζ , and thus λ is also periodic considered as a function of ζ. In these "straight field line variables", dζ/dθ = B ·∇ζ/ B·∇θ = q(ψ) along a field line, and we have the contravariant representation for B
with dψ/dψ p = q(ψ). Now choose 2πψ to be the toroidal flux inside the surface. The element of surface area in a toroidal section is d S t = J ∇ζdθdψ, giving
for any θ 0 , with the Jacobian given by
p , and thus λ is also periodic in θ. The surface labels ψ and ψ p can be used interchangeably, according to which is more convenient for the equilibrium under study. For example, in a tokamak the minor radius is a single valued function of both the toroidal and poloidal flux, but in a reversed field pinch it is a single valued function only of the poloidal flux.
From the equilibrium condition
with p = p(ψ) it follows that j · ∇ψ = 0. Write j = ∇ψ × ∇W , and choose
with primes indicating derivatives with respect to the subscripted variable. Choose 2πĪ to be the toroidal current inside ψ, and 2πḡ to be the poloidal current outside ψ. Then as is the case with λ, α is periodic in θ, ζ. 
with ξ the gyrophase, and the canonical coordinates are ζ and θ with the canonical momenta P ζ = ρ g − ψ p , and P θ = ψ + ρ I. Note that to achieve this form the guiding center velocity along a field line has been modified by a correction of the order of the gyroradius [3] . This change in the definition of the guiding center, essential to obtain the Hamiltonian form given, does not modify the particle orbit, but only the time it takes to complete the orbit. Without this modification the motion does not satisfy the Liouville equation, and for some configurations can even violate energy conservation.
The equations of motion arė
Previous derivations of equations for advancing the variables ρ , ψ, ζ, θ, made use of Boozer coordinates [4] . In this work we show that this restriction of the coordinate system is not necessary. The Hamiltonian is expressed in the variables y k = ρ , ψ, ζ, θ, but Hamilton's equations are given in x k = P ζ , P θ , ζ, θ. Partial derivatives for this change of variables are
The inverse is
where
Note that the determinant D = gq + I + ρ (gI ψ − Ig ψ ) involves derivatives of I and g with respect to the variable ψ, and none with respect to ζ or θ. In a general equilibrium of course both I and g are functions of all three variables. The equations of motion can be written 
where we have used ∂ ζ P θ = ∂ θ P ζ . In this matrix there are no derivatives of the canonical momenta with respect to ζ or θ, and thus no derivatives of I or g with respect to these variables appear in the equations of motion. The equations of motion then have exactly the same form as they have using Boozer coordinates [3] , where σ = 0 and g = g(ψ), I = I(ψ). However this choice fixes both ζ and θ in terms of the equilibrium parameters, and can lead to numerically inconvenient variables. The complication of general coordinates consists in the fact that both g and I must be evaluated as functions of all three variables in a fully 3D equilibrium, or in axisymmetric equilibria, that I = I(ψ, θ). We note in passing that these equations are easily generalized to include time dependent perturbations which destroy the magnetic flux surfaces, so the initial restriction of the existence of such surfaces is not a severe one.
We conclude that in a general equilibrium configuration with nested toroidal flux surfaces expressed in any straight field line coordinates the form of the equations of motion are exactly the same as those given using Boozer coordinates. This fact is very useful for practical application. In Figs. 1, 2 are shown the coordinate systems for an axisymmetric National Spherical Torus Experiment (NSTX) equilibrium [6] of 12% beta (the ratio of plasma pressure to magnetic pressure) using Boozer coordinates and using the more regular coordinates r(ψ, θ) = r m (ψ)e imθ , z(ψ, θ) = z 0 (ψ) + z 1 (ψ)sinθ used by the Equilibrium and Stability Code (ESC) [7] . These coordinates coincide with the Boozer coordinates near the magnetic axis but are much more regular near the plasma edge. Clearly in using Boozer coordinates it is difficult to obtain a good representation of the field quantities near the outboard midplane. Using the more uniform coordinates involves the numerical representation of two functions of two variables, B(ψ, θ) and I(ψ, θ) instead of only B, but this inconvenience is more than compensated by the increased accuracy of the representation. In Fig. 3 is shown the dependence of the magnetic field on θ for these two choices of coordinates, as well as the dependence of the function I(ψ, θ) on θ, for five surfaces ranging from ψ = 0.55ψ w to ψ w with ψ w the outside bounding surface. The difficulty encountered numerically in using the Boozer representation is due to the sharp behaviour of B at the outer midplane. Note that on the other hand I(ψ, θ) in the ESC coordinates is a very smooth function. 
